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k b(k → i)Nk +
∑
kl b(k → l)b(l → i)Nk + ...
Nj +
∑
k b(k → j)Nk +
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 → K + Λ
pi + Λ → K + Ξ
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Figure 3. Thermodynamic equilibrium fit to NA49 data [29] 
 
 
Figure 4. Comparison of the  enhancements at 40 and 160 A GeV/c (NA57) [11] 













































































































































































































































 = 29 MeV
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µT = 177 MeV,   
Model re-fit with all data
 = 41 MeV
b
µT = 176 MeV,   
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LQCD = iψγ


































mψψ = m(ψDψG + ψGψD)
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ÓÔ^5_:
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(mΛ − ΣΛS)2 + ~k2
)1/2
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b  (fm)


























FIG. 4 (color online). Centrality dependence of the ratio K=K in Au Au collisions for two options: with both KN potentials



























































FIG. 2 (color online). Time evolution of the K yield for different cross section multiplication factors R for Au Au (above) and
C C (below) for an incident energy of 1:5A GeV and an impact parameter of b  0 fm.
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FIG. 3 (color online). Time evolution of the K yield for different options of the KN potentials.
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The KaoS collaboration proposed to disentangle these two competing effects by study-
ing K+ production in a very light (12C+12C) and a heavy collision system (197Au+197Au)
at different beam energies near threshold [22]. The reaction volume is more than 15 times
larger in Au+Au than in C+C collisions and hence the average baryonic density - achieved
by the pile-up of nucleons - is significantly higher [32]. Moreover, the maximum baryonic
density reached in Au+Au collisions depends on the nuclear compressibility [27, 28] whereas
in the small C+C system this dependence is very weak [34]. The repulsive K+N potential
is assumed to depend nearly (or less than) linearly on the baryonic density [33] and thus
reduces the kaon yield accordingly. On the other hand, at subthreshold beam energies the
K mesons are created in secondary collisions involving two or more particles and hence the
production of K+ mesons depends at least quadratically on the density. These multiple-step
kaon production processes contribute increasingly with decreasing beam energy. Therefore,
the K+ production excitation function in Au+Au collisions is expected to be influenced
stronger by the nuclear compressibility than by the in-medium potential. In contrast, the
K+ production processes in C+C collisions are expected to be little affected by the nu-
clear equation-of-state. Therefore, the comparison of precision data on K+ production as
function of beam energy in C+C and Au+Au collisions should reveal effects caused by the
compressibility of nuclear matter rather than in-medium modifications of the K+ mesons.
Figure 13: Left panel: K+ ratio measured in inclusive Au+Au and C+C collisions as func-
tion of beam energy [22]. The data are compared to QMD calculations assuming nuclear
compressibilities of κ = 200 MeV ( full dots) and 380 MeV (open squares) [34]. Right panel:
Skyrme nuclear equation of state for different values of the compressibility.
Figure 12 (left upper panel) shows the measured pion and K+ multiplicities per nucleon
for C+C and Au+Au collisions as a function of beam energy [22]. The pion data points are
scaled by a factor of 1/100; they represent the sum of charged and neutral pions as calculated
from the measured pi+ multiplicities according to the isobar model [35]. The pion multiplicity





















































































































































































































































































































































































































































































































U = 20 MeV
U = 0
K+ data
































































































Figure 2: Azimuthal distribution of pi+ and K+ for semi-
central Au+Au collisions at 1.5 A·GeV. The data are cor-
rected for the resolution of the reaction plane and corre-
spond to impact parameters of 5.9 fm < b < 10.2 fm, ra-
pidities of 0.3 < y/ybeam < 0.7 and momenta of 0.2 GeV/c
< pt < 0.8 GeV/c. The lines are fits with function (1) re-
sulting in the values for v1 and v2 as given in the figure.
a preferential out-of-plane emission (negative elliptic flow)
of K− mesons due to their large absorption cross section
in spectator matter. However, as shown recently, the K−
are produced predominantly via strangeness-exchange re-
action Λpi → K−N and consequently, the K− are emitted
later than the K+ which are produced together with the
Λ. Therefore, the shadowing spectator might have moved
away when the K− emission occurs which would lead to a
flat azimuthal distribution. Nevertheless, a late emission
of K− mesons cannot explain their elliptic in-plane flow
pattern.
Recent transport calculations find such an effect if an
attractive in-medium K− potential is taken into account
[12]. A quantitative comparison of our data to transport
calculations is presently beeing performed.
Recently, a new high-statistics measurement of the az-
imuthal distribution of K− in Au+Au collisions at 1.5
A·GeV has been performed. These data are presently bee-
ing analyzed.
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K  8.3 fm/c
L   10.1 fm/c
X
−
  8.4 fm/c
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E895 Au+Au 6 AGeV
E810 Si+Au 14.6 AGeV
NA49 Pb+Pb 158 AGeV
STAR Au+Au
Therm. Mod. Ni+Ni 1.93 AGeV
Trans. Mod. Ni+Ni 1.93 AGeV
Trans. Mod. Au+Au 6 AGeV
Trans. Mod. Au+Au RHIC/AGS
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1 si y0ν ≥ δ
0 si −δ < y0ν < δ




 #'!)Z3/ﬁFﬃ.ﬁ&2(-?0(-?)*8uﬃ*890(+(-z). V 9)
δ
+	%72(ﬁ&ﬃ.ﬁ&=AM9)*ﬃ* up	8[S	Wf:|Q
N ]2@ﬁ&ﬃ*ﬁ&=AM9).ﬃ! V2B 9ﬃ*=A 9)q0mC_8#3?-zH
=A-/%( 9ﬃ0( S3/ﬁ5'*$:=A=>ﬁL).-?$:%3? #'V2@ﬁ&ﬃ).-?"#+(3? #'VﬁPkﬁL%O)[+(%	 eﬃ.ﬁ&2(-?0(-?)*8F2(ﬃ!$"ji( e0	 e"# #3?3/ F0	+"9 #%).ﬃ! >0	 
=>ﬁ&'*'! &Q&N #'I2@ﬁLﬃ!).-?"#+(3? #'2(ﬃ*$ŁXh-/ 9%(%( 9%O)0	 N36ﬁZﬃ*89\:-/$:%<2@ﬁ&ﬃ!)*-/"9-/2@ﬁ&%)* 0( N36ﬁ"9$:3/3?-/'!-/$:%] 9)'*$:%)I89=>-?'* 9'
0( UKtﬁ&9$:%A2(3/+('$:+A=A$:-/%('I-?'*$&)*ﬃ*$:2 &Q:R3?3/ 9'"9$:%).ﬃ!-/Y(+(ﬃ*ﬁ&-/ 9%)[+(%	 =>ﬁ&+	XLﬁ&-?'* Uﬃ*89'*$:3?+	).-?$:%S0@ﬁ&%('3/ﬁ
0(8,). 9ﬃ*=A-/%@ﬁL)*-/$:%A0(+r2(3/ﬁ&%0( 36ﬁ<ﬃ!8Pﬁ&",).-/$&%mQ	 u2(3/+	'#W	%	$:+('UﬁPX:$&%('U8#3?-/=A-/%(8q0( u3/ﬁl'!$:=>=>ﬁL)*-/$:%A3/ 9'
2@ﬁLﬃ!).-?"#+(3? #'u'! #"9$:%(0@ﬁ&-?ﬃ* 9'V0(89)* #"9)*8# 9'l0@ﬁL%(']36ﬁrJVat"9$:=>2$:'*ﬁ&%). e=A8#'*$&%(-/TO+( e0( e3/ﬁﬃ*8#ﬁ&"9)*-/$:%
d
"#ﬁ&ﬃ<"9 #'F2@ﬁLﬃ!).-?"#+(3? #'l%( 5%($&+('F0($:%	%( #%)e2@ﬁL'F0mC_-/%	K`$:ﬃ!=5ﬁ~).-/$&%'!+(ﬃF3? #'<"#ﬁ&ﬃ.ﬁL"9).89ﬃ*-?'!).-?TO+( #'l\:8#$:=A8,H


















2(ﬃ*89'* 9%O)* s36ﬁ0	-/'!)*ﬃ*-?Y(+	).-?$:%40	 r3^CEﬁ&%(\:3? 5ﬁ&9-/=F+)jﬁ&30(+2(3/ﬁ&%10( rﬃ!8Pﬁ&",).-/$&%1ﬃ* H
"9$:%('!)*ﬃ*+(-z)2@ﬁ&ﬃ).-/ﬃS0( 9'50($&%(%(8# 9' ,28#ﬃ!-/=A #%)jﬁ&3? #'at2@ﬁLﬃ!).-? \:ﬁ&+("ji( PdA 9)>36ﬁ2(ﬃ*89"#-?'*-/$&%'!+(ﬃ53/ﬁ
0(8,). 9ﬃ*=A-/%@ﬁL)*-/$:%0( F"9 e2(36ﬁ&%0	 Fﬃ*8#ﬁ&"9)*-/$:%a`2@ﬁ&ﬃ!)*-/ l0(ﬃ*$:-z). Pd,QBw$:+('uX&$Łk:$:%(']TO+( e3/ﬁ50(-/').ﬃ!-/Y(+	)*-/$:%
0( >3^CEﬁ&%(\:3? Aﬁ&#-?=F+	)jﬁL3I0(+12(3/ﬁ&%40( >ﬃ*8#ﬁ&"9)*-/$:%;%mCE 9'!)e2(ﬁ&'l)*$&)jﬁ&3? #=A #%)[2(36ﬁ~). &Q$:+(ﬃF0( 9'lXLﬁ&3? #+(ﬃ!'
2$:'*-z).-zX: #'0( 
φr
Wv$&%$:Y('! #ﬃ!X& e+(%3/89\: #ﬃ ,"#M9'[ﬁ&+	).$&+(ﬃ0( 
ö
 o QmN 9)*)* F). 9%(0@ﬁ&%("9 F2$:+(ﬃ*ﬃ*ﬁ&-?)#WB 9%
2@ﬁLﬃ!).-? &W9)*ﬃ* NﬁL)*)*ﬃ*-/Y	+(8# N+(%( =5ﬁ&+X&ﬁL-/'* K`$h"Pﬁ&3?-/'.ﬁ~).-/$&%[0	+<Ktﬁ&-/'!"# #ﬁ&+mQL$:+(ﬃ89XLﬁ&3?+( #ﬃ36ﬁqﬃ*8#'!$:3/+).-/$&%
0( >3^CEﬁ&%(\:3? Aﬁ&#-?=F+	)jﬁL3I0(+12(3/ﬁ&%40( >ﬃ*8#ﬁ&"9)*-/$:%mWﬂ3? #'<2(ﬁ&ﬃ!)*-/"#+	3/ #'[0( >3^C_89X:89%( #=A #%)e"9$:%('!-/0(89ﬃ*85'!$:%)


































































































































































¹ºﬂ»º¼½»¾E¿ÀCÁq½»ÂÃ¼ÀÂÄÅﬁ¾ﬃ¼ÅÆ.ÀŁ¿K½»Ä	Ç@È>ÀÄÆ½ÉÀ¿ÀÆÊK½ﬁÄÀÄ	ÇÀÄ)ÆK½¼¾ﬃÂÉﬂËÇÀﬂÄ)º+¾ﬃ¼½»¹ÀﬂÄ Λ À+¾ Ξ− Ì
Í
ÀﬂÄ¼ºÄËÇ¾ﬃ½ﬁ¾ﬃÄk¿À Ç½hÉﬂÅÇÇ½ÎNÅ¼ﬃ½ﬁ¾ÂÅ»	ÏÐÑ1Ò.Å»¾Á%Å»¾ﬃ¼º1ÓBËÀ ÇÀÄb¿ÂÄ¾¼ÂÎË¾ﬃÂÅ»ÄMÀﬂ»ÂÁ0ÆËÇÄÂÅ»E¿ÀﬂÄ






















































































































































































































































































































































































































































































































½ z01 ÁÈ z02 ¾oÔ@Æ`ÌÈ¿8Çn×tÁÌÁtÇPÈeÎeÁuÂmÍ©ÆcÇPÈeÁÎÌeÁ×ÈÆcÅÇÏÔnÁtÌÈÎe¿8×ÁtÌÔnÁÌ1ÀnÎeÅÔnÑnÆÈÌ1Ô@Á%ÔnÃÌÆ`Ç^ÈÃtÉÎ¿ÈÆ`Å8Ç
¿ Ó8Á×ÚÂ[Í©¿ÕoÁuÔnÑÜV¿]Æ`Ìe×tÁ ¿8ÑàÁÈ*ÂcÁ%ÓÁtÎÈÁXÕÀnÎeÆcÐÏ¿]Æ`ÎeÁáÖ






























































×Ð ú < dxy01 < ú8õ0×tÐ
nh1 > ú]¼ nh2 > ú dz01 < ägõõ0×Ð













> ò^úø bgeo < ì@ø©ì
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SIGNIF( ±2 s ) = 182
FWHM = 10.0 ± 0.8
NEVT = 33.5 E+06
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b < 3.3 fm





SIGNIF( ±2 s ) = 147
FWHM = 10.0 ± 0.8
NEVT = 30 E+06
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SIGNIF( ±2 s ) = 52
FWHM = 10.0 ± 0.8
NEVT = 2.9 E+06
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H    -0.2 <y
0
< 0.0  ( 1 × 10
-1
 )
n    -0.4 <y
0
< -0.2 ( 6 × 10
-3
 )
s    -0.6 <y
0
< -0.4 ( 1 × 10
-3
 )
l    -0.8 <y
0
< -0.6 ( 2 × 10
-4
 )
t    -1.0 <y
0
















































H    -0.2 <y
0
< 0.0  ( 1 × 10
-1
 )
n    -0.4 <y
0
< -0.2 ( 6 × 10
-3
 )
s    -0.6 <y
0
< -0.4 ( 1 × 10
-3
 )
l    -0.8 <y
0
< -0.6 ( 2 × 10
-4
 )
t    -1.0 <y
0
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-1 -0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8 1
  1.357    /     7
P1  0.1226  0.4838E-02
P2 -0.5558E-07  0.1134E-01
P3  0.4038  0.1004E-01
Measured Reflected
P( L + S
0


































T = 125 MeV





















































































































































P (Λ + Σ0)syst = 0,129± 0,004(stat)
Tsyst = 124± 2(stat)   ð
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∆P (Λ + Σ0)syst =
∣∣∣P (Λ + Σ0)ref − P (Λ + Σ0)syst∣∣∣
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SIGNIF( ±2 s ) = 182
FWHM = 10.0 ± 0.8
NEVT = 33.5 E+06



















SIGNIF( ±2 s ) = 190
FWHM = 10.5 ± 0.8
NEVT = 33.5 E+06





















































∆P (Λ + Σ0) =
√
(∆P (Λ + Σ0)syst)




∆T 2syst + ∆T
2
stat












































P (Λ + Σ0) = 0,124± 0,006
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SIGNIF( ±2 s ) = 182
FWHM = 10.0 ± 0.8
NEVT = 33.5 E+06
















SIGNIF( ±2 s ) = 148
FWHM = 11.9 ± 1.3
NEVT = 33.5 E+06
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SIGNIF( ±2 s ) = 182
FWHM = 10.0 ± 0.8
NEVT = 33.5 E+06


















SIGNIF( ±2 s ) = 197
FWHM = 10.9 ± 0.8
NEVT = 33.5 E+06
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SIGNIF( ±2 s ) = 182
FWHM = 10.0 ± 0.8
NEVT = 33.5 E+06

















SIGNIF( ±2 s ) = 188
FWHM = 10.9 ± 0.8
NEVT = 33.5 E+06
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H    -0.2 <y
0
< 0.0  ( 1 × 10
-1
 )
n    -0.4 <y
0
< -0.2 ( 6 × 10
-3
 )
s    -0.6 <y
0
< -0.4 ( 1 × 10
-3
 )
l    -0.8 <y
0
< -0.6 ( 2 × 10
-4
 )
t    -1.0 <y
0
















































H    -0.2 <y
0
< 0.0  ( 1 × 10
-1
 )
n    -0.4 <y
0
< -0.2 ( 6 × 10
-3
 )
s    -0.6 <y
0
< -0.4 ( 1 × 10
-3
 )
l    -0.8 <y
0
< -0.6 ( 2 × 10
-4
 )
t    -1.0 <y
0
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−0,2 Ó× −0,8 < y0 < −0,6 Ó×Õ	ÛﬁÜ	äKäÓ×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-1 -0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8 1
  1.357    /     7
P1  0.1226  0.4838E-02
P2 -0.5558E-07  0.1134E-01
P3  0.4038  0.1004E-01
Measured Reflected
P( L + S
0
















-1 -0.8 -0.6 -0.4 -0.2 0 0.2 0.4 0.6 0.8 1
  4.281    /     7
P1  0.1169  0.4009E-02
P2  0.1359E-07  0.1082E-01
P3  0.3988  0.9298E-02
Measured Reflected
P( L + S
0


















T = 125 MeV














T = 130 MeV




















































































1.05 1.075 1.1 1.125 1.15 1.175 1.2 1.225 1.25







SIGNIF( ±2 s ) = 197
FWHM = 10.9 ± 0.8
NEVT = 33.5 E+06




















SIGNIF( ±2 s ) = 207
FWHM = 10.9 ± 0.8
NEVT = 33.5 E+06








































































































































































P (Λ + Σ0)syst = 0,119± 0,002(stat)











































































P (Λ + Σ0) = 0,124± 0,006





















































































































































































































































































































































































































































































































































































































































































































































































































b èmémêªë Apart P (Λ + Σ
0) T èìí¤î'ë
ç9ïLð ± ñ*ïtò ò%ó ± ç ñ*ïHñòô ± ñ*ïtñ%ñ©ç æ%æÊð ± ç
ô*ïæ ± ñ*ïtò ç	ô ± ç ñ*ïHñõ%ñ ± ñ*ïtñ%ñ©ç æÊðñ ± ô
ð9ïLó ± ñ*ïµô óó ± õ ñ*ïæñ%ò ± ñ*ïtñ%ñ©ç æ8ò%ñ ± ò





























































3#" Λ + Σ0 !45(3! ß 
 ß ﬁ76



















































































































































































































































































¦2¤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G¤¤³ Ξ− µ £¦YW¦2£ ¢¤¦2£r|®¥Y£T¥l]­¥Y£qö
Ξ− → Λ + pi− ²  Ê2Ê2ü ·
↓
p+ pi− ²pý ´ü ·
±

































































































































































à dxy01 áiâ`ãfäåuæ^ç`è:éKéEçåeê3é*ëxé	ì-é:ê3åeéíﬁî`êbãxïæmãfêbé+é:åëfé	ì^éEêåeé?íﬁâjéRâ`ð:äbãxçåbðEñ-êbæmåeãxò-çDâ`ó Ξ
− ô





à dxy02 áiâ`ãfäåuæ^ç`è:éKéEçåeê3é*ëxé	ì-é:ê3åeéíﬁî`êbãxïæmãfêbé+é:åëfé	ì^éEêåeé?íﬁâjéRâ`ð:äbãxçåbðEñ-êbæmåeãxò-çDâ`ó Λ
ô
à ∆φΛ áGæ^ç`ñ^ëféyé:çåeêbé(ëö¹ãxïYî`ójëfäbãxò-ç=åeêeæmç`ä3ì^éEêbä3éYâjó Λ é:åKëpæYâ`êbò-ãªåeéoî`æ^äbäbæ^çåRî`æ^ê	ëféRì-éEêåeéí
îjêbãfïYæ^ãxêbé é?åëfé	ì^éEê3åbé?íTâ`éKâ`ð:äbãfçåbðEñ-êbæmåeãxò-çDâ`ó
Λ ô





à d0Λ ájâ`ãfäåuæ^ç`è:éKïYãxç`ãfïYæ^ëfééEçåbêbéKëpæoåeêbæ^èEéKâ`ó Λ é:åëxé	ì-é:ê3åeéíTî`êbãxïæ^ãxêbé
ô






































à z01 ÷ z02 é:å z03 áGâ`ãfäåuæ^ç`è:éEä*éEçåeê3éYëö¹ãxçåeéEê3äbé:è:åeãxò-ç¾â`éEäKåeêbæ^èEé:äRâjéEä*î`êbòâ`ó`ãªåeäKâ`é¯â`ðEä3ãfçåeðõ
ñ^êeæmåbãfò-çDæ/ì^éEè*ëö¹æíﬀé*âjó<3æ^ãxäbè:é/æ^ó=é:åëxé	ì-éEêåeéíﬁî`êbãxïæ^ãxêbé
ô






















































































































































































































































































































































































































































































































































ê[ o [ < ∆φΞ <
é
ï o g < dxy02 <
]Mï\:>H
[
< Z d0Λ Z <
ïY:5H
[
< Z d0Ξ Z <
[
K¿ïY:5H













































































































































































1.2 1.25 1.3 1.35 1.4 1.45 1.5 1.55 1.6
  27.88    /    16
P1   1026.   100.5
P2   1.283  0.1283E-02




























1.2 1.25 1.3 1.35 1.4 1.45 1.5 1.55 1.6
  110.4    /    16
P1   1294.   33.89
P2   1.290  0.2196E-03
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P (Λ + Σ0) σ(dN/dy0) T Öz× Ñ/ØÙ
Ú
ÇCÎŁÎÐÑÍ ÛŁÜ


















































































































































































































































































































































































































































































































































































































































































































0 0.1 0.2 0.3 0.4 0.5 0.6
M  IQMD (sans M.E.)
-0.2 < y
0
 < 0.2 b < 3.3 fm
s  IQMD (avec M.E.)
l  UrQMD


























< ﬁ 0 <










































































































































∼ e−( γET ±α)(γ2E ± γαT (E
2
p2











































































fit with b  = 0.025 and T = 115 MeV
Ni+Ni 1.93 GeV/nucleon b=0−4 fm
L 










~ b < c
o<Ł<y1Ł9y>!eUe5i(z}nejp5dys{tyixcgho<dj5yLlﬃece5nfi"jke













t sinh2(y) » α = γβp/T ¼w½ γ = (1− β2)−1/2
^
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¼wà«ÄÕ¼ ÂFÃÓÇÀà ÄÕÁ ¹ ÃUÂ«ôöõ
Ôt÷ø^·ù
Ã>¼wåÛ¼w½ »

















































































































































































































0 1 2 3 4 5 6
l  UrQMD
M  IQMD (sans M.E.)
s  IQMD (avec M.E.)


















0 20 40 60 80 100 120
l  UrQMD
M  IQMD (sans M.E.)
s  IQMD (avec M.E.)
















































































0 20 40 60 80 100 120
l  L + S
0
 UrQMD
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0 1 2 3 4 5 6 7 8 9
l  UrQMD MODEL (Ni+Ni 1.93 AGeV)
n  FOPI DATA (Ni+Ni 1.93 AGeV)
M  EOS DATA (Ni+Cu 2 AGeV)































































































































0 50 100 150 200 250 300 350
M  E895 DATA (Au+Au 6 AGeV)
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P (Λ + Σ0) = A× (Apart)α 4 ¡ »ùÈ76

















































































































































































































P (Σ+) + P (Σ−) = P (K+) + P (K0)− 2P (K−)− P (Λ + Σ0) © "=¬
y¨Ł!~2¦®~2=~¯.~2¦®°2=l~"X}~H$}	IŁe~$­B~$Ł*­Ł~F±§
P (Σ+ + Σ−) = 0,047± 0,015
{²­BŁ}~U2~.2.IBŁi~2³Ł=$2$~$$=³}~¤w2~2H~®IK´7 P (Σ+ + Σ−)


























P (Σ+ + Σ−)
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02 + 2E1E02 −−→p 21 = (E03 + E04 + E05)2
Ü4î×&%ý
E1 =
(E03 + E04 + E05)
2 − E201 − E202
2E02
ñîeâØﬂßuÙuÛçsâÙß9ý





E01 = E02 = E05 = 938 MeV
E03 = 494 MeV
E04 = 1116 MeV
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p+ p−→ K+ t K− t p+ p
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E0Ξ− = 1321 MeV
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E∗ + cP ∗L















E = γE∗ + γβcP ∗L
cPL = γβE




















E∗ + cP ∗L
E∗ − cP ∗L
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cpt = qBrc [J ]
&3"
1eV = 1,6 10−19J
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